solution, gelatin forms thermally reversible gels with a melting temperature a little below human body temperature. Such gels have been used in a large range of applications (Haug et al., 2004) .
Gelatin gels are characterized by unique organoleptic properties as well as their ability for flavor release. Galactomannans occur as storage polysaccharides in the seed endosperm of plants in the Leguminosae family. KGM is extracted from konjac flour, obtained from Amorphophallus konjac C. Koch, and consists of β-1, 4-linked D-mannose and D-glucose at a ratio of 1.6:1. These gels are sometimes presented as a vegan substitute for gelatin gels (Nishinari et al., 1992) . Locust bean gum (LBG, from Ceratonia siliqua) is a galactomannan with roughly one galactose unit per 4 mannose units and is only partially soluble in cold water. It can be dissolved completely at high temperature, and can form thermallyirreversible weak gels under certain conditions (Alves et al., 2000) .
In the literature, there are no reports on mixed gelatin, KGM and LBG gels. The objective of this research was to investigate the rheological and sensory properties of such ternary gels in order to create a gel matrix texture suitable for people with mastication and swallowing difficulties. and 24 years of age. Fifty subjects were trained and 28 final panelists were selected based on their performance in screening tests. The samples were served at 22℃ in random order to avoid the position effect. Sensory evaluation was conducted based on a 5-point scale for 4 different attributes. The following attributes were evaluated: A -Hardness (+ 2 very hard, + 1, 0, _ 1, _ 2 very soft); B -Difficulty of chewing (+ 2 very difficult, + 1, 0, _ 1, _ 2 very easy); C -Slipperiness or stickiness (+ 2 very slippery, + 1, 0, _ 1, _ 2 very sticky); D -Difficulty of swallowing (+ 2 very difficult, + 1, 0, _ 1, _ 2 very easy). Higher chewing difficulty meant that a higher chewing frequency and longer total mastication time was required by the panelists before swallowing. Each test sample was presented in duplicate.
Materials and Methods
Statistical analysis of results (standard deviation and analysis of variance) was performed using a statistical program (STATISTICA 5.0 PL; StatSoft Polska, Warsaw, Poland).
Significant differences between means were determined using
Tukey's test at a confidence level of p ≤ 0.05 based on the least significant difference.
Results and Discussion
The mechanical spectra of storage and loss moduli for mixtures of hydrocolloids with a total concentration of 1.1% are shown in This means that the addition of KGM resulted in a more elastic structure, which entangled even at lower frequencies. A previous report showed that viscosity of 0.5% KGM was about twice that of a 0.25% LBG + 0.25% KGM mixture (Yang et al., 2013) . Thus, at low concentrations where the gelatin/polysaccharide mixture does not form a self-standing gel, the effect of polysaccharide addition on viscoelasticity is as expected from the solution properties of the respective polysaccharide.
The addition of KGM and LBG to 4% gelatin gels resulted in an increase in storage and loss moduli (Fig. 2) . A similar behavior was observed for 4.5% and 5% gelatin gels (data not shown). For all mixed gels, G′ was about 4 times higher than G″ at low frequency (0.1 Hz) and about 11 times higher at high frequency (10 Hz). This indicates viscoelastic relaxation that is present even at frequencies above 0.1 Hz. The elastic modulus values found for ternary gels show clearly that LBG has a greater effect on the small-deformation rheology of gelatin-based gels, and leads to a greater increase of G′. This behavior is probably caused by the LBG-induced concentration of gelatin during the process of phase separation, leading to an increase in the elastic modulus (Alves et al., 2000) . The images obtained using an optical polarizing microscope in the UV region are presented in Fig. 3 . Phase separation is observed at greater length scales for the gelatin/LBG gel in comparison to the gelatin/KGM gel. The effect of LBG and KGM addition to gelatin gels on the elastic modulus is inversely correlated to its effect on fracture stress in the puncture test, as seen from results. Mixed gels of gelatin with LBG or KGM show different force-distance curves in a puncture test (Fig. 4) . For pure gelatin gels, a peak corresponding to the initial fracture is observed, followed by another peak caused by further fracture. Mixed gels have smoother force-distance curves, and following the fracture a monotonous increase in force is observed. This is probably caused by the "sticky" nature of the mixed gels, which was observed in sensory analysis (Fig. 6) . The frictional force exerted on the side surface of the plunger contributed to the detected force, especially for these "sticky" gels at larger distances (>10 mm), shown in Fig.   4 . Solowiej (2013) found during the investigation of processed cheese analogues that plungers made of different materials gave different TPA adhesiveness. Ternary gelatin/LBG/KGM mixed gels were characterized by lower puncture peak force than pure gelatin gels, with a similar peak force to binary gelatin/KGM and gelatin/LBG gels (Fig. 5) . The opposite effects of plant polysaccharides on the large and small deformation rheology of gelatin have previously been reported. Alves et al. (2000) investigated gelatin/LBG mixed gels and found that an increase in LBG concentration caused an increase in G′ values and a decrease in maximum penetration force. Aeration of whey protein gels yielded a structure with higher storage and loss moduli compared with the undisrupted gels, but with lower TPA hardness (Tomczyńska-Mleko, 2009 ). Whipping of the whey protein gels followed by healing at rest produced a more homogenous structure with higher density of crosslinks, leading to higher G′ values and lower fracture stress, owing to the introduction of air bubbles, which can lower the fracture stress (Tomczyńska-Mleko, 2010). Structural differences were also the origin of different yield stress values in Parmesan cheeses of similar storage moduli (Govindasamy-Lucey et al., 2004) .
Our present results show that mixing different hydrocolloids leads to gels with different small and large strain rheological properties. During mastication and swallowing both small and large strain phenomena are involved. Pure gelatin gels can cause problems for older people with mastication and swallowing difficulties. Figure 6 presents sensory analysis data. The addition of LBG and/or KGM to gelatin decreased the sensory hardness of gels, which is in agreement with the puncture test data presented in Fig. 4 . Gels judged as the most difficult to chew and swallow were gelatin gels and gels obtained with the addition of 1% LBG, 0.5% KGM + 1% LBG and 0.5% KGM + 2% LBG. These mixed gels were also the stickiest. Panelists had the greatest challenges chewing and swallowing the hard pure gelatin gels and the soft, but very sticky mixed gels with a substantial addition of LBG.
Panelists judged sticky gels difficult to chew because they stick to the teeth and/or the hard palate, and as a result they cannot be located in the right position in the oral cavity to be fractured effectively during mastication. The gel perceived easiest to masticate and swallow was a mixed gel containing 5% gelatin, 1% KGM and 0.5% LBG. Pure gelatin gels are harder and more slippery, and can therefore cause problems for older people with mastication and/or swallowing difficulties. Fig. 4 . Force-distance curves for puncture test of 5% gelatin gels with and without 1% KGM or 1% LBG. Plunger, 7 mm diameter; speed, 2 mm/s; temperature, 25℃. 
